Abstract: The paper presents dynamic and transient behaviour of the Doubly Fed Induction Generator (DFIG) in the wind farms. When Voltage sag or any faults occurs in the network, the variables in the doubly Fed Induction Generators are varying severely. If the voltage sag occurs, Active and Reactive power that generated by the DFIG will decrease and will increase respectively, The DC voltage link will be bigger, and the rotor current will increase. The DFIG in the wind farms uses Proportional Integral controller for controlling of electronic devices (Rotor Side Converter and Grid Side Converter). Even though the model of Doubly Fed Induction Generators and electronic device in the paper are linear, The Proportional Integral controllers cannot protect and control the variables. So, the power electronic converters and the DC-link can damage due to over voltages and over currents. Doubly Fed Induction Generator in the wind farm is simulated in MATLAB software. The results of the simulation present over voltage and over current in the DC-link and in the rotor of the Doubly Fed Induction Generator. In addition, it will explore the effect of Proportional Integral controller in Doubly Fed Induction Generator when three-phase short circuit fault occurs.
Introduction
In recent years, using of the wind energy for generating electricity is growing fast because it is an important source of renewable energy [1] . With increasing penetration level of wind energy into the network, wind turbine should remain connected to the grid to maintain the reliability during various grid fault scenarios based on grid codes' requirement [2] . Doubly Fed Induction Generator (DFIG) is predominantly used nowadays in wind turbines. Important issues when DFIG-based wind farm connected to the network is the dynamic behavior under disturbances occurred in the network. DFIG-based wind farm is very sensitive to grid disturbances [3] . Based on grid codes' requirement, DFIG based wind turbine must remain connected to the grid and actively contribute to the system stability during various grid fault scenarios which result voltage dip in a generator terminal voltage dip [4] . The ability of wind turbines to stay connected to the network during voltage dips and fault are termed as the low voltage ride through (LVRT) capability and fault ride through (FRT) capability respectively. A large research activity is carried out over the world with focus on the impact of system disturbances on wind turbines and consequently on the power system itself [5] .
When a voltage sag occurs in the DFIG-based WT, two major issues are generated in the DFIGbased WT. The first one is rotor and stator over-current, and the second one is over-voltage occurred in the DC-link. Both of them can be supplied the excessive energy that cannot be transmitted into the electrical network during the faults. As the power electronics converters in the DFIG-based WT system have relative low power rating, they can't undergo the over-currents and the over-voltages.
Also the DC-Link capacitor is damages when the over-voltage occurs. Hence, studying the LVRT capability of the DFIG-based wind farms is the special interest with respect to the stability issue of such system [6] .
The first strategy for decreasing rotor over-current uses the crowbar resistor. The conventional crowbar circuit installed across the rotor terminals causes that the rotor of the DFIG becomes short circuit when a fault occurs. Consequently, the Rotor Side Converter (RSC) is blocked and the DFIG starts absorbing the reactive power from the faulted grid. But the new model of the crowbar resistance (Fault current limiters) only limits the current during the fault [7] . The chopper circuit, across the DClink is used for smoothing the DC-link voltage during the faults [8] .
Based on the conventional crowbar protection, many of researchers have improved the crowbar circuit. They control the crowbar circuit with the power electronic devices and new methods of control [9] . Some of the authors improve the structure of DC chopper for reducing the over voltage in the DC-link [8] . Some paper present energy storage system across DC-link for absorbing the overvoltage [10] . Moreover, the usage of the crowbar resistance and the DC chopper actually installs extra hardware in the DFIG and can increase the costs and decrease the system reliability but they are necessary for the protection systems [11] . Some researchers also have proposed other hardware for controlling approaches for enhancing the LVRT capability. These strategies reduce the rotor overcurrent and the DC-link over-voltage in a faulted grids. They designed more advanced control strategies for the RSCs and the grid side converters (GSC) [12] . However, some of these algorithms are too complicated and the control parameters must choose properly and precisely. For example robust nonlinear controller using the Hamiltonian controller in the presence of disturbances for the DFIG is proposed in [13] . In [14] has been proposed a control strategy to maximize the wind energy captured in a DFIG, at low to medium wind speeds. To avoid dealing with the zero dynamic limitation brought by the bidirectional power flow through the RSC and the GSC in a DFIG, a new energy-based modelling and control scheme for the GSC is proposed in [15] [24] , and etc. Moreover, using hardware strategies actually installs extra hardware in the DFIG and can increase the costs and may reduce the reliability of the system. This report presents a rotor and stator over-current in the DFIG during a voltage sag event. In this paper, tuned PI controllers by GA algorithm control the RSC, GSC, DC-link and pitch control for reducing of over-current and over-voltage in a faulted grid. Also, the effect of PI controllers' parameters on DC-link over-voltage and rotor over-current are presented. This paper is organized as follows: In section II, the modelling of the DFIG-based WT is introduced. In section III, based on PI controllers of DFIG, the principle of the proposed method is described. Then, in section IV, the simulation results by MATLAB/SIMULINK@ are shown to validate the proposed method.
Modelling of DFIG based WT
It is necessary to examine the exchange of the active and reactive power between a DFIG-based wind farm and an electrical network using a precise model and a transient model. The schematic diagram of a DFIG-based wind farm system connected to the grid is shown in Fig. 1 . The DFIG-based WT, including the doubly fed induction generator, Three-bladed wind turbine, the back-to-back converters (GSC and RSC), the drive train, and the control systems, are connected to the network through a three-phase transformer. The control system consists of three control parts including the WF control, the WT control, and the DFIG control. The WT part controls the mechanical power of the wind turbine through the pitch angle and generates the reference value of the rotor speed of the DFIG based on the measured wind speed and the reference value for active power tuned by Transmition System' Operator (TSO) [25] . The DFIG control part, including the rotor side converter and grid side converter controllers, and the voltage regulator for the DC-link control the active and reactive power of the DFIG using the PI controllers. 
By simplifying the voltage equations described above, the flux equations can be shown as
In order to investigate the behavior of the DFIG the flux and current equations of the stator and the rotor must be used. Therefore, the transient flux relations are extracted and expressed in terms of current as:
Space state equations of the DFIG can be used to check the behavior of DFIG-based wind farm in the event of various faults in the network:
Finally, the space state equations of the DFIG in the synchronous reference can be expressed as:
Symmetrical voltage dip
When the voltage of the PCC drops due to a voltage sag in a faulted network, the induced motive force in the rotor frame is derived by the following equation 
Regardless of 1 / s  , Eq. 7 can be presented as 
From Eq. 8, it can be seen that the induction EMF amplitude is relatively large in the initial moment of the fault due to the DC offset in the flux. For example, if s = -0.2 and g=1, the amplitude of the EMF is 1.2 / V L L s m s in the initial moments, which is 6 times the normal value. Fig. 2 shows the induced EMF variation in the rotor due to changes in the stator flux. 
The principle of PI control proposed method
the DFIG has been controlled with six PI controller blocks including two blocks to control RSC, three blocks to control GSC, and one block to control rotor speed in turbine as shown as Fig. 3 . There are various methods for tuning the controller parameters. In this paper, a test and error strategy has been used to design PI controllers' parameters. Tuning and selecting the PI parameters is done in steady-state condition and transient behavior. Then, optimal PI parameters has been set in PI controller blocks in DFIG-based wind farm. 
Results and Discussions
This study has used the DFIG-based wind farm connected to the infinite bus for perusing the dynamic behaviour DFIG-based wind farm when the voltage sag occurs in the terminals of DFIG connected to the grid. The single line diagram of the test system is shown in Fig. 4 . The model has been simulated in MATLAB/SIMULINK software. The parameters of the DFIG based WT are listed in Appendix. 
Fault
Three-phase fault has been occurred in the grid and the three-phase fault can be causes the voltage dip in the terminals of the DFIG. Values of voltage dip is 0.2 per unit and it takes 300 milliseconds and occurs in t = 5s. 650ms lasts until voltage is recovered to 1 per unit smoothly. The results of the simulation have been prepared with and without PI controller for the rotor side converter and the PI controller for the voltage of the DC-link (regulator). In Fig. 5 can be seen the DC-link voltage with and without the PI controller. As curves present when the PI controller controls the RSC, the voltage of DC-link reduces. Fig. 6 presents the active power with and without PI controller in rotor side converter. As seen with omitted the PI Controllers in the RSC, active power is tuned and is not deference because there is the PI controller in the Grid side Converter and it is controls it. Fig. 7 presents the reactive power with and without the PI controller in the RSC. As seen in Fig 8, even though the PI controller has been eliminated, the reactive power is tuned because there is the PI controller in GSC. Fig. 8 also presents the voltage of the Common Coupling Point (PCC). In this figure used the PI controllers in the RSC and the GSC. If there was no PI controller in RSC, GSC and DC regulator and pitch controller is not active: voltage of DC-link, active power and reactive power would be presented in Fig. 9, Fig. 10 and Fig. 11 . It can be concluded if PI controllers have been eliminated, the DFIG wind-based can't work and it can't been used in the network. In this simulation, it has been used the linear DFIG and omitted uncertainty in the model of DFIG wind-based. It could not be accurate. Also it can be seen the rotor currents when fault and voltage sag happens. As seen when fault happen the rotor current increase severally though it used PI controller (Fig.12) . , a three-phase symmetric fault occurs in the network. The fault duration is 300 milliseconds and it causes a drop of 40% at the generator terminal. Fig. 13 and Fig. 14 shows the results of the simulation of the symmetric three-phase fault in the network and the voltage drop of 40%. Fig. 13 shows the active and reactive powers injected into the network, the voltage of the PCC and the generator velocity. Fig. 14 also shows the the DC link voltage, terminal generator current, and rotor current. As can be seen, PI controllers work well and reactive and active powers are well suited in normal conditions. a voltage sag event causes fluctuation in active and reactive power similar to the other variables. However, as can be seen, the PI controllers could control the DFIG variable even in a faulted grid but for LVRT enhancing, DFIG need the new control strategy to increase the PCC voltage in a faulted grid and to cope with the rotor over-current and the DC-link over-voltage. 
Result of varying PI parameters

Conclusions
In this research, we use discrete and continuous model of Double Fed Induction Generator, we omitted the PI Controller in the DFIG an saw the variables of it. As can be seen without PI controllers or not tuned PI controllers, all of variables of the DFIG are varied. The tuned PI controllers can control The DFIG in a normal condition and steady state condition But they can't control the DFIG-based wind farm for LVRT enhancement. faults are happened. In addition, it has been used the linear model of the DFIG-based wind farm and the effect of saturation has not been considered. The effect of saturation is one of the uncertainty. Therefore, the effect of saturation and nonlinear model of DFIGbased wind farm must be considered, then controllers for DFIG are designed and tuned. 
